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MATHEMATICAL MODELLING REPORTS 
This new section, which we hope will become a permanent feature of Mathematical Modelling, is 
aimed to provide our readers with the title, abstract and other essential data concerning mathematical 
models that were reported on in other journals, and as selected by our editors. Our readers are 
encouraged and requested to submit for publication reports of additional mathematical models, in 
the form here presented. Our own survey extends only to scientific journals published by Pergamon 
Journals; although our readers are invited to contribute from any other source by submitting a 
tearsheet or good-quality camera-ready copy of the title page including the abstract direct from 
the journal concerned, providing permission to reproduce has been obtained. Please send all such 
submissions to: Dr D. N. P. Murthy, Department of Mechanical Engineering, University of 
Queensland, St. Lucia, Qld 4067, Australia. 
IEEE Trans. Softw. Engng Vol. SE-l 1, No. 9, September 1985 
ASSESSMENT OF SOFTWARE RELIABILITY MODELS 
ROBERT TROY, Member IEEE, and RAMADAN MOAWAD 
Abstract-This paper proposes a method for assessing software reliability models and its application to 
the Musa and Littlewood-Verrall models. It is divided into two parts. 
l In the first part, a taxonomy of the criteria to be considered for assessing a software reliability model 
is developed and a method for applying this taxonomy is presented. 
l 1n the second part, the result of an assessment of the Musa and Littlewood-Verrall models is 
presented. 
This assessment makes use of RADC/DACS database to provide a statistical evaluation of the 
operational validity of the two models. 
Index Terms-Model comparisons, software reliability. 
OMEGA ht. J. Mgmt Sci. Vol. 13, No. 4, pp. 295-306, 1985 
PROCESS MODELLING AND INDUSTRIAL ENERGY USE IN 
DEVELOPING COUNTRIES-THE STEEL INDUSTRY IN INDIA 
G. ANANDALINGAM 
University of Virginia, Charlottesville, Va, U.S.A. 
D. BHA~ACHARYA 
Tata Energy Research Institute, New Delhi, India 
Abstract-A process model is used to study energy use and conservation in the steel industry in India. 
Production is modelled by a set ‘of inter-connected process activities, each of which defines unique 
relationships between process output and a number of inputs. Contrary to that in process models for the 
U.S., we do not assume cost minimizing behavior. Simulation results show that although a number of 
cost-effective energy conservation measures exist, none of them would lead to significant reductions in 
energy use. Effective policy for the Indian steel industry would require combining the strategies. 
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IEEE nians. Softw. Engng Vol. SE-11, No. 9, September 1985 
STOCHASTIC MODELING OF BRANCH-AND-BOUND ALGORITHMS 
WITH BEST-FIRST SEARCH 
BENJAMIN W. WAH, Member IEEE, and CHEE FEN Yv, Student member IEEE 
Abstract-Branch-and-bound algorithms are organized and intelligently structured searches of solutions 
in a combinatorially large problem space. In this paper, we propose an approximate stochastic model of 
branch-and-bound algorithms with a best-first search. We have estimated the average memory space 
required and have predicted the average number of subproblems expanded before the process terminates. 
Both measures are exponentials of sublinear exponent. In addition, we have also compared the number 
of subproblems expanded in a best-first search to that expanded in a depth-first search. Depth-first search 
has been found to have computational complexity comparable to best-first search when the lower-bound 
function is very accurate or very inaccurate; otherwise, best-fit search is usually better. The results obtained 
are useful in studying the efficient evaluation of branch-and-bound algorithms in a virtual memory 
environment. They also confirm that approximations are very effective in reducing the total number of 
iterations. 
Index Terms-Approximations, best-first search, branch-and-bound algorithms, depth-first search, iter- 
ations, memory space, subproblem. 
J. math. Bid. Vol. 22, pp. 313-333, 1985 
INTERACTION OF SPATIAL DIFFUSION AND DELAYS IN MODELS OF 
GENETIC CONTROL BY REPRESSION 
STAVROS BUSENBERG and JOSEPH MAHAFFY 
Department of Mathematics, Harvey Mudd College, Claremont, CA91711, U.S.A. 
Abstract-A class of models based on the Jacob and Monod theory of genetic repression for control of 
biosynthetic pathways in cells is considered. Both spatial diffusion and time delays are taken into account. 
A method is developed for representing the effects of spatial diffusion as distributed delay terms. This 
method is applied to two specific models and the interaction between the diffusion and the delays is 
treated in detail. The destabilization of the steady-state and the bifurcation of oscillatory solutions are 
studied as functions of the ditfusivities and the delays. The limits of very small and very large diffusivities 
are analyzed and comparisons with well-mixed compartment models are made. 
Key Words-Genetic control, repression, ditfusion, delays, compartmental models, bifurcation, stability, 
oscillations. 
J. math. Bid. Vol. 22, pp. 293-301, 1985 
STABILITY OF THE STEADY-STATE SIZE DISTRIBUTION IN A MODEL 
OF CELL GROWTH AND DIVISION 
KENNETH B. HANNSGENL and JOHN J. TYSON’ 
‘Department of Mathematics and sDepartment of Biology, Virginia Polytechnic Institute and State 
University, Blacksburg, VA 24061, U.S.A. 
Abstract-The approach to steady-state size distribution is studied for a growing population of cells. The 
model incorporates cell growth at a linear rate and division into two equal daughters after a random time 
composed of an exponentially distributed phase and a constant deterministic phase. 
Key Words-Cell growth, cell division, size distribution, stability, balanced growth. 
Mathematical Modelling Reports 
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A THREE-REGION INTERTEMPORAL MODEL OF ENERGY, 
INTERNATIONAL TRADE AND CAPITAL FLOWS 
ALAN S. MANNE and PAUL V. PRECKEL 
Stanford University, Stanford, CA 97305, U.S.A. 
Abstract-This paper reports on the formulation and solution of a three-region intertemporal equilibrium 
model of energy, international trade and capita1 flows. In order to focus upon international energy issues, 
the market economies are aggregated into three broad regional groupings: OECD, OPEC and NODC 
(non-OPEC developing countries). 
The first part of this paper is intended for policy-oriented readers. We begin with a review of key 
assumptions, then describe three different types of applications-one dealing with OPEC and future world 
oil prices, another dealing with OECD demand elasticities and the third with constraints on North-South 
capital flows. In all cases, a key role is played by the assumption of consistent expectations. That is, the 
identical price expectations are the basis for action on the part of each economic agent. 
Part II is more technical in nature. It illustrates the inclusion of dated commodities within an Arrow- 
Debreu framework. The intertemporal model is formulated in algebraic terms, and is then reduced in 
dimensionality for solution by a fixed-point method. 
Key Words-Intertemporal equilibrium, international oil prices, North-South capital flows. 
Math1 Program. Study Vol. 23, pp. 40-55, 1985 
DYNAMIC GENERAL EQUILIBRIUM TAX MODELS WITH 
ADJUSTMENT COSTS 
A. LANS BOVENBERG 
Department of Economics, University of California at Berkeley, CA 94720, U.S.A. 
Abstract-This paper deals with some modifications in the dynamic structure of general equilibrium tax 
models. 
Investment behavior is modelled by introducing adjustment costs. Investment is incorporated in an 
intertemporal equilibrium framework with perfect foresight. Short-run macroeconomic analysis, long-run 
growth theory, transition paths, and structural adjustments are integrated through microeconomic 
principles of intertemporal rationality. 
The solution technique is based on linearization in continuous time. These ideas are illustrated in an 
aggregated model with the introduction of a consumption tax to replace a tax on capital income. Numerical 
simulations suggest that the modelling of forward-looking behavior and adjustment costs in general 
equilibrium tax models is important. This approach provides a more realistic basis for estimating the 
short- and medium-run egects, incidence effects, and welfare effects of fiscal policy. 
Key Words-Tax models. intertemporal equilibrium, adjustment costs, linearization. 
Math1 Program. Study Vol. 23, pp. l-22, 1985 
ON THE FORMULATION AND SOLUTION OF ECONOMIC 
EQUILIBRIUM MODELS 
ALAN S. MANNE 
Department of Operations Research, Stanford University, Stanford, CA 94305, U.S.A. 
Abstract-This paper is addressed to the formulation and solution of CGE (computable general 
equilibrium) models. Topics are explored in the following sequence: (1) fundamental concepts of the Scarf 
equilibrium model; (2) a numerical example; (3) time paths of adjustment; (4) extensions-the production 
possibility set; (5) further extensions; (6) dimensionality reduction; (7) fixed-point and other general- 
purpose solution methods; and (8) a survey of numerical models. 
Key Words--Economic equilibrium, CGE model formulation, fixed-point and other solution methods. 
14 Mathematical Modelling Reports 
J. Opl Res. Sot. Vol. 36, No. 8, pp. 679-687, 1985 
AN ASSESSMENT OF MODELS OF A HEALTH SYSTEM 
RUTH DAVIES 
Polytechnic of the South Bank, London, U.K. 
Abstract-A variety of stochastic and deterministic non-optimizing techniques have been used both 
predictively and for comparing policy options for patient reatment. Models of the system of the treatment 
of kidney patients are reviewed and are shown to be based on too small a subsystem to be useful for 
planning and budgeting. Other drawbacks include poor user-credibility and lack of robustness. Discrete- 
event simulation is shown to be the most appropriate technique which does not limit the type of 
distribution functions that may be used and can model patient attributes, resource use and constraints. 
Key Words-Health service, modelling, simulation, stochastic 
J. econ. Theory Vol. 36, pp. 367-386, 1985 
LOCATION MODELS AS MODELS OF PRODUCT CHOICE 
IGNATIUS HOR~TMANN and ALAN SLMNSKI 
Department of Economics, University of Western Ontario, London N6A 5C2, Canada 
Abstract-Markets in which firm choice of product is an economic decision are commonly analyzed using 
a variant of the location model pioneered by Hotelling (Econ. J. 39 (1929), 41-57). This paper develops a 
framework for formalizing the idea that a set of consumers with preferences defined over an abstract set 
of commodities can be represented as if they behaved as is typically assumed in the goods-as-locations 
models. With this framework in place, we are able to derive the preference assumptions underlying the 
two most common versions of these models, and also to uncover the foundations of the now well-known 
principle of minimum differentiation. 
Scmd. J. Statist. Vol. 12, pp. 97-158, 1985 
COUNTING PROCESS MODELS FOR LIFE HISTORY DATA: A REVIEW 
PER KRAGH ANDERSEN 
Statistical Research Unit, Copenhagen, Denmark 
Q)RNULF BORGAN 
University of Oslo, Oslo, Norway 
Abstract-A survey is given of the development of statistical models for life history data based on counting 
processes. This development was initiated by Aalen’s 1975 thesis from Berkeley. We review non-parametric 
estimation and testing procedures for counting process intensities, kernel function smoothing, parametric 
inference and various regression techniques, including a generalization of the Cox regression model for 
censored survival data. 
Key Words-Censoring, intensity, Markov chain, martingale, multiplicative intensity model, multivariate 
counting process, non-parametric inference, parametric inference, regression models, stochastic integral, 
survival analysis. 
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COPING WITH A FOREIGN EXCHANGE CRISIS: A GENERAL 
EQUILIBRIUM MODEL OF ALTERNATIVE ADJUSTMENT 
MECHANISMS 
TIMOTHY CONDON,’ SHERMAN ROBINSON’ and SHUJIRO URATA’ 
‘The World Bank, 1818 H Street, NW, Washington, DC 20433, U.S.A. 
‘Department of Agricultural and Resource Economics, University of California, Berkeley, 
CA 94720, U.S.A. 
Abstract-The problems posed by a shortfall in foreign exchange have received great attention recently, 
much of it focused on the often painful measures developing countries impose to cope with the shortfall. 
This paper shows how a computable general equilibrium (CGE) model that is essentially Walrasian can 
be modified to reflect some of the more common adjustment mechanisms to which developing countries 
often resort. The adjustment measures often do not rely on price adjustment and so represent important 
departures from the Walrasian spirit of the model. In particular, the paper considers the welfare effects 
of exchange rate, import premium, and quantity rationing adjustment mechanisms. The model also 
incorporates ‘rent seeking’ activities generated by rationing mechanisms. The numerical results, using data 
for Turkey, show that welfare losses are smallest when the exchange rate is free to clear the foreign 
exchange market and largest for quantity rationing. The costs associated with rent seeking are the most 
important source of welfare loss, far outweighing allocational inefficiencies arising from the use of quantity 
rationing. 
Key Words-Computable general equilibrium (CGE) model, multisector model, structural adjustment, 
foreign exchange crisis, rent seeking, welfare analysis. 
J. math. Bid. Vol. 22, pp. 259-277, 1985 
MODELING INSECT DISPERSAL AND ESTIMATING PARAMETERS 
WHEN MARK-RELEASE TECHNIQUES MAY CAUSE INITIAL 
DISTURBANCES 
H. T. BANKS,’ P. M. KARENA’ and P. K. LAMM~ 
‘Lefschetz Center for Dynamical Systems, Division of Applied Mathematics, Brown University, Providence, 
RI 02912, U.S.A. 
‘Department of Zoology, University of Washington, Seattle, WA98195, U.S.A. 
3Department of Mathematics, Southern Methodist University, Dallas, TX 75275, U.S.A. 
Abstract-We consider the problem of quantitatively modeling movements of marked flea beetles in 
cultivated arrays of the cole crop, collards (Bras&a oleraceae). Methods for the estimation of temporally 
and spatially dependent parameters in general dispersal models are outlined and a summary of our 
findings using these methods with flea beetle data is given. 
Int. J. Prod. Rex Vol. 23, No. 5, pp. 945-959, 1985 
MODELLING THE PERFORMANCE OF FLEXIBLE MANUFACTURING 
SYSTEMS 
DAVID D. YAO and J. A. BUZACOTT 
Abstract-An open-queueing network model with general service times and limited local buffers is 
developed to evaluate the performance of the flexible manufacturing system (FMS). The model accommo- 
dates two major characteristics of the FMS, namely, improving machine utilization and reducing work- 
in-process storage. A ‘flow equivalent’ decomposition approach is developed to derive approximate 
solutions to the model. Numerical examples are studied to illustrate the accuracy of the approximations. 
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PARSIMONIOUS MODELLING OF CAPTURE-MARK-RECAPTURE 
STUDIES 
S. F. CR~SBIE 
Invermay Agricultural Research Centre, Private Bag, Mosgiel, New Zealand 
B. F. J. MANLY 
Mathematics Department, University of Otago, P.O. Box 56, Dunedin, New Zealand 
Abstract-A general multinomial modelling approach is proposed for capture-mark-recapture data from 
an open animal population. Within this framework a number of plausible alternative assumptions are 
suggested for survival probabilities, ingress times, and capture probabilities. The probability of survival 
can be time-specific, age-specific, or constant; the distribution of ingress times to the population can be 
time-specific mixed-uniform, or a beta distribution; and the probability of capture can be time-specific or 
constant. Taking survival probabilities, ingress times, and capture probabilities as time-specific allows 
explicit estimators of parameters to be derived. These are identical to the well-known Jolly-Seber 
estimators, provided that animals are assumed to enter the population in batches just before sample times. 
However, some differences from the Jolly-Seber estimators occur if it assumed that entries can take place 
at any time between samples, for then the models of the present paper do not ignore animals that enter 
and leave the population before a sample is taken. For models with fewer parameters than the Jolly- 
Seber model, estimation has to be done numerically. The different modelling possibilities are illustrated 
by the analysis of five sets of real data. 
Biometrics Vol. 41, pp. 447-453, 1985 
ESTIMATION FOR A MODEL OF MULTIPLE MALARIA INFECTIONS 
JERRY NEDELMAN 
Department of Mathematical Sciences, Clemson University, Clemson, SC 29631, U.S.A. 
Abstract-The Macdonald-Dietz model for superinfection in malaria is a time-dependent infinite-server 
queue. However, the queue is only partially observable; it can be ascertained only as not empty or empty. 
Moreover, continuous observation of the queue is impossible. This paper derives likelihoods for the 
model’s parameters with incomplete, multiwave panel data, and numerically maximizes those likelihoods 
for some data from a field study in Nigeria. 
OMEGA Int. J. Mgmt Sci. Vol. 13, No. 4, pp. 285-294, 1985 
MODELLING MULTIBRAND CONSUMPTION 
C. FIRER 
University of Witwatersrand, Republic of South Africa 
Abstract-In this article a model for the multibrand consumption of fast moving non-durable consumer 
goods is presented. The model is derived by the mixing of a multinomial distribution (representing the 
brand consumption probabilities of an individual household) with the continuous multivariate Beta 
(Dirichlet) distribution (which allows for differences between households). The core of the analysis involves 
the use of complete bivariate tables. The model is shown to provide an adequate representation of a set 
of consumption data and to satisfactorily estimate the various brand market shares. 
J. m&. Bid. VGl. 22, pp. 353-367, 1985 
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A PRELIMINARY STUDY OF FEEDBACK CONTROL 
BLANCHE L. MCFARLAND 
Department of Medicine, Division of Geriatrics, Center for the Study of Aging and Human Development, 
Computer and Statistical Laboratory, Duke University Medical Center, Durham, NC 27710, U.S.A. 
H. ROBERT VAN DER VAART 
Biomathematics Division, Department of Statistics, North Carolina State University at Raleigh, Raleigh, 
NC 27650, U.S.A. 
Abstract-The equations used in formulating the continuous model of granulocyte kinetics developed by 
G’Fallon et al. (1971) were analyzed to see if they could be altered to simulate a feedback mechanism 
operating on the production and development of granulocytes. After extensive study and modification of 
the continuous model, it was found that a discrete model based on a Leslie matrix procedure was more 
effective for simulating the feedback system. This discrete model was used to show experimentally, from 
a mathematical view point, that a feedback mechanism of some kind must be operating on the production 
and development of granulocytes. Further, the discrete model was subjected to preliminary tests 
(simultaneous and cascading feedback) to demonstrate that it has the capability of responding to feedback 
control. 
Key Words-Granulocyte, neutrophil, discrete model, neutropenia, feedback, recovery. 
Nov. Res. Logist. Q. Vol. 32, pp. 497-508, 1985 
ON FAILURE MODELING 
AUSTIN J. LEMOINE and MICHAEL L. WENOCUR 
Ford Aerospace and Communications Corporation, Western Development Laboratories Division, 
Palo Alto, CA 94301, U.S.A. 
Abstract-A promising approach to failure modeling, in particular to developing failure-time distributions, 
is discussed. Under this approach, system state or wear and tear is modeled by an appropriately chosen 
random process-for example, a diffusion process-and the occurrences of fatal shocks are modeled by 
a Poisson process whose rate function is state dependent. The system is said to fail when either wear and 
tear accumulates beyond an acceptable or safe level or a fatal shock occurs. This approach has significant 
merit. First, it provides revealing new insights into most of the famous and frequently used lifetime 
distributions in reliability theory. Moreover, it suggests intuitively appealing ways for enhancing those 
standard models. Indeed, this approach provides a means of representing the underlying dynamics inherent 
in failure processes. Reasonable postulates for the dynamics of failure should lend credence to the 
prediction and estimation of reliability, maintainability, and availability. In other words, accuracy of 
representation could lead to better, more reliable prediction of failure. 
_I. R. Statist. Sm. B, Vol. 47. No. 2, pp. 267-271, 1985 
MODELLING DATA CONTAINING EXACT ZEROES USING ZERO 
DEGREES OF FREEDOM 
ANDREW F. SIEGEL 
University of Washington, Seattle, Wash., U.S.A. 
Abstract-The noncentral chi-squared distribution with zero degrees of freedom can be used to model 
continuous data of a variety of shapes that also contain exact zero values. Existence and uniqueness of 
the maximum likelihood estimates for the scaled non-central chi-squared distribution with zero degrees 
of freedom are established, computational methods are considered, and an illustrative example is given. 
Key Words-Noncentral chi-squared distribution, discrete-continuous mixture distribution, compound 
Poisson distribution. 
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J. Opl. Res. Sot. Vol. 37, No. 1, pp. 21-30, 1986 
DYNAMIC PROGRAMMING AND STATISTICAL MODELLING IN 
AUTOMATIC SPEECH RECOGNITION 
M. J. RUSSELL, R. K. MOORE and M. J. TOMLINSON 
Automatic Speech Recognition Section, Royal Signals and Radar Establishment, Malvern, Worcs., U.K. 
Abstract-This article describes the methods which form the basis of contemporary automatic speech 
recognition systems. The two most prominent algorithms, dynamic time-warping and hidden Markov 
modelling, are described and compared. Particular attention is given to the role of dynamic programming 
in either approach. 
J. Opl. Res. Sot. Vol. 37, No. 1, pp. 31-34, 1986 
NETWORK FLOW MODELS IN IMAGE PROCESSING 
MICHAEL Tso 
Mathematics Department, UMIST, Manchester, U.K. 
Abstract-Two problems in image processing are presented: chromosome classification and the construc- 
tion of cross-sectional images from non-cross-sectional views. Both problems are formulated as network 
flow models, a type of model generally found in the O.R. setting. This shows the applicability of such 
O.R. techniques to problems of intelligent information processing. 
Key Words-Assignment algorithm, chromosome karotyping, computed tomography, dynamic program- 
ming, image reconstruction, transportation problem. 
J. Opl Res. Sot. Vol. 36, No. 10, pp. 935-942, 1985 
MIXED-INTEGER LINEAR-PROGRAMMING FORMULATION OF A 
MULTI-ATTRIBUTE THRESHOLD MODEL OF CHOICE 
C. K. MUSTAFI’ and M. J. XAVIER’ 
‘Indian Institute of Management, Calcutta and *Xavier Labour Relations Institute, Jamshedpur, India 
Abstract-This article presents a mixed-integer linear-programming formulation and solution of the multi- 
attribute threshold model of choice. The model includes appropriate integer decision variables o that the 
solution would indicate whether a particular alternative of choice is acceptable or not. The technique is 
illustrated by a numerical example. 
J. Opl Res. Sot. Vol. 36, No. 11, pp. 9933998, 1985 
A MODELLING STUDY OF MACHINE-SERVICE OPERATION IN AN 
ELECTRONICS INDUSTRY 
H. L. ONG,’ T. N. COH’ and H. K. SIM’ 
‘Industrial and Systems Engineering Department, National University of Singapore and ‘SC1 
Manufacturing Singapore Pte Ltd, Republic of Singapore 
Abstract-Optimal scheduling of the machine-service crew is an important issue in a manufacturing 
company. This paper discusses the use of two quantitative techniques, the mixed integer linear-programming 
approach and the queueing cost-analysis approach, to schedule the machine-service crew of an electronics 
manufacturing and testing company. Potential productivity improvement in the company is demonstrated 
by numerical results. 
Mathematical Modelling Reports 
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A MICROCOMPUTER SYSTEM FOR SIMULATION MODELLING 
ROBERT O’KEEFE 
University of Kent at Canterbury, Canterbury, Kent, U.K. 
RUTH DAVIES 
Polytechnic of the South Bank, London, U.K. 
Abstract-Microcomputers are now widely used for discrete-event simulation work in Operational 
Research. An inexpensive microcomputer system for simulation modelling is presented. Based on an Apple 
II, it allows the programmer to develop three-phase activity based interactive models in UCSD Pascal. 
Use is made of disc emulation for the provision of simultaneously available pictorial displays and the 
extension of fast access on-line memory for the development of large simulations. 
Use of a microcomputer speeds development time and gives the user a transportable computer dedicated 
to the simulation. Pascal facilitates the development of readable portable simulations. 
The simulation of a conveyer belt system demonstrates the simplicity and flexibility of the pictorial 
display. A practical study in the Health Service (modelling the treatment of chronic renal failure) illustrates 
that the package may be used to simulate a real and complex system. 
Key Words-Computers, health services, simulation. 
Eur. J. opl Res. Vol. 24, pp. 54-63, 1986 
A SIMULATION MODEL TO EVALUATE AIR DEFENCE SYSTEMS OF 
FAST PATROL BOAT SQUADRONS IN REALISTIC TACTICAL 
SITUATIONS 
E. AMLJNDSEN 
Norwegian Defense Research Establishment, Division for Systems Analysis, P.O. Box 25, 
2007 Kjeller, Norway 
Abstract-An outline of the general nature of the problem and the aim structuring of the simulation 
model is given. The main modes of operation of the Fast Patrol Boats are derived from their primary 
role as a major component of the R No Navy’s anti-invasion capacity. This, coupled with assumptions 
regarding enemy anti-FPB operations in the air, based on given scenarios, define the tactical situations 
subject to simulation by the model. 
Main emphasis, however, is given to describing the main features of the model itself, starting with the 
types and the number of units involved, their configuration and performance and how their various modes 
of operation are represented in the model. A detailed digital terrain description incorporated in the model 
warrants a realistic consideration of terrain masking in a stochastic dynamic simulation process both for 
the mutual detection phase and the ensuing combat. A few specific model elements, portraying the 
detection mechanisms and one of the air defence systems are described somewhat more thoroughly in 
order to demonstrate the level of detail in the actual model. 
Finally an example is given to illustrate the type of results that can be generated by this model-system, 
followed by a general discussion of how such results can be utilized to evaluate alternative air defence 
concepts on the basis of effectiveness and cost figures. 
Key Words--Simulation, military, system, performance, decision. 
Bid. Cybern. Vol. 53, pp. 73-78, 1985 
PROBABILISTIC MODEL OF THE SPATIAL DISTRIBUTION OF MUSCLE 
FIBRES IN HUMAN MUSCLES 
ISAK GATH and RIVKA SHENHAY 
Department of Biomedical Engineering, Technion, Haifa 32000, Israel 
Abstract-An analytical model and computer simulation model for measuring fibre density in motor units 
of human skeletal muscles have been described. The model was developed for Gaussian distribution of 
the fibres in the motor unit territory. It has been shown that fibre density measurement using a triggering 
fibre was a biased estimate of the actual density of the fibres in the territory. The effects of varying the 
standard deviation of the spatial distribution on the estimate of fibre density has been investigated, and 
it has been shown that for high values of standard deviation a uniform distribution of the fibres in the 
territory was a good first order approximation. 
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MODELLING AND RESIDUAL ANALYSIS OF NONLINEAR AUTO- 
REGRESSIVE TIME SERIES IN EXPONENTIAL VARIABLES 
A. J. LAWRANCE 
University of Birmingham, Birmingham, U.K. 
P. A. W. LEWIS 
Naval Postgraduate School, Calif., U.S.A. 
Abstract-An approach to modelling and residual analysis of nonlinear autoregressive time series in 
exponential variables is presented, the approach is illustrated by an analysis of a long series of wind 
velocity data which has first been detrended and then transformed into a stationary series with an 
exponential marginal distribution. The stationary series is modelled with a newly developed type of second 
order autoregressive process with random coefficients, called the NEAR(Z) model; it has a second order 
autoregressive correlation structure but is nonlinear because its coefficients are random. The exponential 
distributional assumptions involved in this model highlight a very broad four parameter structure which 
combines five exponential random variables into a sixth exponential random variable; other applications 
of this structure are briefly considered. Dependency in the NEAR(2) process not accounted for by standard 
autocorrelations is explored by developing a residual analysis for time series having autoregressive 
correlation structure; this involves defining linear uncorrelated residuals which are dependent, and then 
assessing this higher order dependence by standard time series computations. The application of this 
residual analysis to the wind velocity data illustrates both the utility and difficulty of nonlinear time series 
modelling. 
Key Words-Autoregression, directionality, estimation, exponential variables, linear residual, non- 
Gaussian time series models, nonlinearity, power transformations, random coefficient models, residual 
analysis, reversibility, Weibull distributions, wind velocity data 
